We measured Spanish-speaking patients' engagement in Interactive Voice Response (IVR) calls using data from self-management support studies in Honduras, Mexico and the US. A total of 268 patients with diabetes or hypertension participated in 6-12 weeks of weekly IVR follow-up. Participants had an average of 6.1 years of education, and 73% of them were women. After 2443 person-weeks of follow-up, patients had completed 1494 IVR assessments. The call completion rates were higher in the US (75%) than in Honduras (59%) or Mexico (61%; P , 0.001). Patients participating with an informal caregiver were more likely to complete calls (adjusted odds ratio 1.5; P ¼ 0.03) while patients reporting fair or poor health at enrolment were less likely (adjusted odds ratio 0.59; P ¼ 0.02). Satisfaction rates were high, with 98% of patients reporting that the system was easy to use, and 86% reporting that the calls helped them a great deal in managing their health problems. IVR self-management support is feasible among Spanish-speaking patients with chronic disease, including those living in less-developed countries. Involving informal caregivers may increase patient engagement.
Introduction
Research suggests that Spanish-speaking patients in the US can use Interactive Voice Response (IVR) as part of their chronic illness care. 1 -5 Early studies showed that IVR reminders reduced return-visit failures for tuberculosis patients who spoke Spanish as well as other languages. 6, 7 In a trial of IVR self-management support for patients with diabetes, Spanish-speakers were more interested in accessing IVR health information than their English-speaking counterparts. 3 Sarkar and colleagues found that US Spanish-speakers were interested in IVR support for chronic illness care, 8, 9 and IVR communication can yield higher contact rates than group medical visits for language minority groups. 5 While these studies suggest that IVR may be a useful tool for chronic disease management among US-based Spanish-speakers, it is not known whether these benefits generalize to Spanish-speaking patients in other countries. In particular, information about Spanish-speaking patients' engagement in IVR self-management support is limited, particularly for patients in low-and middle-income countries (LMICs). The evidence suggests that this modality may be feasible. For example, in a survey conducted in 2010, more than 70% of chronically-ill patients in Honduras had mobile phone access and most were interested in receiving IVR support for their self-management. 10 The aim of the present study was to measure Spanish-speaking patients' engagement in IVR calls and identify the predictors of more frequent completion of IVR monitoring and self-management support.
Methods
Data were collected in four IVR self-management support studies conducted among Spanish-speakers in Honduras, Mexico and the US. Each study was approved by the appropriate ethics committee. Patients with diabetes or hypertension were identified by outpatient clinic records, clinician referral or community outreach. Patients were excluded if they did not have access to a telephone or were not able to respond to weekly IVR calls due to cognitive or vision impairment, or mental illness. Eligible patients completed written informed consent and baseline surveys.
Participants received weekly IVR calls to their mobile or land-line telephones, with multiple call attempts at times that the patient indicated were convenient. Automated calls to patients in each country were made from US servers. During the calls, patients reported information about their health status and self-care using their touch-tone key pad and received tailored self-management advice. IVR scripts used tree-structured algorithms to assess patients' self-management behaviours, perceived health status and symptoms. Both the diabetes and hypertension scripts focused on symptoms, diet, medication use and home monitoring (i.e. glucose and blood pressure). Call scripts were initially developed in English with input from experts in chronic disease management, primary care and mobile health. Scripts were then translated into Spanish, back translated into English for validation, and reviewed by local primary care providers for cultural appropriateness given the local dialect. Quality assurance testing was performed on all IVR programming, and website interface prototypes were evaluated by clinicians and convenience samples of patients in each location using free exploration and performance tests to ensure appropriate navigation and system utilization. 11 Based on patients' IVR-reported data, structured alerts were automatically sent via email to designated clinic representatives. Patients also had the option to participate with an informal caregiver, who received structured feedback via an IVR call or email based on the patient's IVR reports. Caregiver feedback focused on the patient's status, changes in health status, and what the caregiver could do to support the patient's self-care. After the IVR calling period, patients were asked to complete an in-person or telephone follow-up survey including questions about their satisfaction with the IVR calls and the perceived impact of the service on their health and self-care.
Self-management support studies

Diabetes patients in Honduras
The study evaluated the feasibility of IVR diabetes self-management support provided internationally using a cloud-computing model. 12 Participants were enrolled between June and August 2010 from a community-based primary care clinic in Santa Cruz de Yojoa, Honduras. Patients with diabetes were identified at the time of an outpatient clinic visit based on medical records and screening interviews. Patients completed a baseline survey, followed by six weeks of weekly IVR diabetes self-management support calls. Of the 93 patients who were found to be eligible, 86 (92%) enrolled in the study. A total of 56 patients (65%) completed post-intervention surveys. Sixty-two patients elected a family member or friend to participate with them, and those people received IVR feedback on their own mobile phones based on the patient's IVR assessment calls.
Diabetes patients in Mexico
The study was a randomized trial to assess feasibility of IVR self-management support among diabetes patients in Monterrey, Mexico. Patients were identified from three primary care clinics between January and March 2011 based on medical records and screening interviews. Of the 123 patients who were found to be eligible, 62 (50%) enrolled in the study. The data used in the present study were from 31 patients randomly assigned to the intervention group, who received IVR calls for 12 weeks. Of these, 24 (77%) completed post-intervention telephone surveys. Fifteen patients (48%) elected a family member or friend to participate with them and receive automated feedback based on the patient's IVR calls.
Hypertension patients in Honduras and Mexico
The randomized trial evaluated the impact of IVR self-management support and home blood pressure monitoring among patients with uncontrolled hypertension. 13 Between May and July 2011, adult patients with high blood pressures (i.e. systolic blood pressure 140 mmHg for non-diabetic patients and 130 mmHg for diabetic patients) were identified from outpatient clinics in Cortéz, Honduras and Hidalgo, Mexico. Of 213 eligible patients, 200 (94%) enrolled in the trial. Intervention patients received an electronic home blood pressure cuff and six weeks of weekly IVR monitoring and behaviour change calls. The data used in the present study were from 100 patients randomized to receive the intervention and 28 control group patients in Honduras who opted to receive IVR support calls after completing their trial participation. Forty-one intervention-group patients in Honduras (82%) and 46 in Mexico (92%) completed follow-up surveys. Thirty-one patients in Honduras and 13 patients in Mexico chose to participate with an informal caregiver who received feedback based on the patients' IVR calls.
Diabetes patients in the US
The study determined the feasibility of IVR monitoring and self-management support among monolingual Spanish speakers receiving care in community-based primary care clinics in Michigan. Between May 2009 and September 2011, 42 patients were referred to the study by staff in six community clinics and were found to be eligible via telephone screening. Twenty three patients (55%) enrolled and received weekly IVR calls for 12 weeks. All patients completed follow-up surveys, and all enrolled with a family member or friend who participated as an informal caregiver. 
Data collection and analysis
Each IVR system automatically captured data on the calling process, including the date and time of each call attempt. We created a dataset including one record representing each patient-week of follow-up, with an indicator for whether or not the patient completed that week's call. Additional information was compiled from baseline patient surveys, including patients' sociodemographic characteristics (age, gender and years of education) and health status (measured by the SF-12 mental-and physical composite summary scores 14 ) .
A total of 71% of all participants completed follow-up surveys and the data were used to examine patients' satisfaction with the IVR self-care support. There was no difference between those completing and not completing follow-up surveys in terms of patients' baseline perceived health status, disease (i.e. diabetes versus hypertension), age or gender. Completion of the follow-up surveys varied, with 100% of US patients completing follow-ups, compared to 59% of patients in Honduras and 86% in Mexico (P , 0.001). Patients who participated with an informal caregiver were more likely to complete follow-up surveys than patients who participated alone (78% versus 62%, P ¼ 0.006).
The primary outcome was completion of the IVR assessment and a self-care support call during each week of participation. We examined the variation in patient characteristics between programmes and countries. A standard package (Stata v11) was used for multivariate regression modelling to identify the predictors of whether a weekly IVR assessment was completed. Patient-level predictors included patient characteristics (age, gender, years of education, diagnosis, country and baseline perceived health status) and participation with an informal caregiver (yes versus no). Models also included a time-varying covariate indicating the elapsed time between the patient's date of enrolment in the programme and the call week.
Based on model coefficients, the predicted probabilities of call completion were calculated for the overall sample, and separately by country. Trends in call completion across weeks and 95% confidence bands were computed using the prgen routine in Stata v11. For those computations, other patient characteristics were set to the distribution average.
In order to detect any non-linear relationship between patient age and the likelihood of completing calls, we refitted the multivariable logistic model using the same coefficients but using cubic splines with four knots to detect non-linear age effects. We used bivariate analyses and a multivariate model to identify potential patient characteristics associated with the choice to participate with an informal caregiver. Cross tabulations were used to examine patients' satisfaction with the IVR intervention.
Results
A total of 268 patients received IVR calls (164 patients in Honduras, 81 patients in Mexico and 23 patients in the US), see Table 1 . Approximately half of participants (48%) had hypertension and 52% had diabetes. On average patients were 55 years old, and 73% of them were women. Patients had an average of six years of education; education was highest in the US subsample and lowest among patients in Honduras. Most patients reported fair or poor health at baseline. Over half (54%) participated with an informal caregiver.
Patients completed a total of 1494 weekly IVR calls over 2443 weeks, i.e. an average call completion rate of 61% (Table 1 ). Call completion rates were highest among US patients with diabetes (75%) and lowest among diabetes patients in Honduras (39%). In multivariate models adjusting for clustering of outcome weeks and patient characteristics (Table 2) , the adjusted odds of completing an IVR assessment was 2.4 times higher in the US than in Honduras, with patients in Mexico having intermediate call completion rates. Having a diagnosis of diabetes was associated with a significantly lower odds of call completion. Compared to patients under age 55 years, call completion rates were at least as high among patients aged 55 -64, although significantly lower among patients aged over 64 (adjusted odds ratio, AOR ¼ 0.48, 95% confidence interval, CI: 0.29, 0.78). Call completion rates were significantly lower among patients who reported fair or poor health status at the time of enrolment. Patients who participated with an informal caregiver had significantly greater odds of completing their IVR calls than patients who participated alone (AOR ¼ 1.54; CI: 1.05, 2.25). The variation in call completion rates between countries and over time is illustrated in Figure 1 . Honduras was the only country with a significant decrease in call completion rates over time, and predicted call completion rates dropped to about 50% in that country by 10 weeks. Smaller and non-significant decreases in call completion rates were observed in Mexico and the US, with the US patients having predicted call completion rates over 70% throughout their participation. Call completion rates remained constant across ages until roughly 62 years, and then dropped off significantly among older patients, see Figure 2 .
Satisfaction rates were high in the programmes (Table 3) , with 88% of all patients who completed follow-up surveys reporting that they were very satisfied and 11% reporting that they were mostly satisfied. All patients reported that the information provided in the IVR calls was helpful and, despite their limited educational attainment, 98% reported that the automated calls were easy to use. Patients reported that the programme was helpful in managing their chronic disease, with 86% of all patients reporting that the Figure 1 Predicted probability of call completion in the self-management support studies. The dashed lines represent 95% confidence bands. Predicted probabilities were generated from regression models using the predictors shown in Table 2 programmes helped them a great deal. With regard to specific behaviours, 77% of all patients reported that their diet improved a great deal as a result of the intervention, 80% reported that their symptom monitoring improved a great deal, and 80% reported that their medication adherence improved a great deal. Overall satisfaction rates were lower among US patients than among patients in Honduras and Mexico. Because satisfaction rates tended to be uniformly high, multivariate models did not identify meaningful predictors of satisfaction across patient subgroups.
Discussion
The present study was one of the first to examine engagement and satisfaction with IVR disease management calls among Spanish-speakers. Overall, we found that IVR self-management support was feasible cross-nationally, and that satisfaction levels were high among patients, including those with low levels of educational attainment. Variation in call completion rates between countries probably resulted from both patient factors and system-related challenges. Patients in Honduras and Mexico had less familiarity with IVR and faced multiple challenges in answering IVR calls. Calls to Honduras and Mexico were made from US servers and there were occasional problems that delayed or prevented calls from going through to patients' phones. Further work is needed to improve reliability.
The present study demonstrates that IVR self-management support can substantially increase chronically-ill Spanish-speakers' access to health information, even among those living in LMICs. This support was provided at little cost to the provider organization or the patient. Further studies may need to explore what factors specific to each population would improve participation rates and prevent drop out.
The higher satisfaction rates among Honduran and Mexican patients may reflect their relatively limited access to chronic illness care, so that even less frequent IVR calls could have a significant effect on self-care. The outcomes from the hypertension study in Honduras and Mexico suggest that despite lower call completion rates, those patients benefited from the IVR calls with respect to their self-care behaviours, perceived health status and physiological outcomes. 13 We identified several factors associated with variation in call completion rates, as well as other factors that were not associated with variation in the patients' likelihood of completing their IVR calls. Call completion rates varied between age groups, and were higher among patients less than 65 years of age. Older Spanish-speaking Latino patients may have less immediate access to a mobile phone which is shared with adult children and other social network members. Moreover, older patients may be particularly vulnerable to interruptions in telephone service during periods when they cannot afford the cost. Call completion rates were lower among patients who reported fair or poor health status at study entry, and more research is needed Table 2 . The broken lines represent the 95% confidence interval toidentify the barriers to IVR monitoring and self-care support for this important, high-risk group. Calls were equally likely to be completed by women and men, and did not vary by educational attainment, suggesting that IVR could be used to target patients with low health literacy who need more frequent monitoring and targeted information about their self-care.
To our knowledge, the present study is one of the first to demonstrate that patients for whom family caregivers received regular feedback based on their self-management calls had higher call completion rates. Exploratory analyses did not identify demographic or clinical characteristics associated with opting for participation with an informal caregiver, suggesting that the caregiver effect is probably causal.
There were several limitations in the present study. Although there were more than 2400 person-weeks of follow-up, individual patients participated for only 6 -12 weeks. Longer-term studies of IVR programme engagement will be important, particularly since the present study suggests that call completion rates may decline over time. Also, patients' improvements in diet and other self-care behaviours were self-reported and not verified through objective clinical measures.
In conclusion, we found that IVR self-management support was feasible among Spanish-speaking patients with diabetes or hypertension in three countries, and that the service resulted in high levels of patient satisfaction and perceived benefit. Although call completion rates were lower in Honduras and Mexico than in the US, the study demonstrates that IVR can be delivered to patients in LMICs. IVR self-management support may be a feasible way to increase chronically ill patients' access to monitoring and self-care information, both among Spanish-speakers in the US as well as in Latin America.
